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Intravenous crystalloids in the late 19th and early 20th century "It will be a distinct step in the advancement of medical science…if it be conclusively proved…that, within certain limits, saline fluids may be safely substituted for transfused blood in the human subject." Thomas Spencer Wells, July 1883 1
In February 1818, James Blundell, Lecturer in Physiology at Guy's Hospital, presented a landmark paper before a meeting of the Medical and Chirurgical Society of London 2 . This outlined a series of canine experiments in which he examined the feasibility of blood transfusion using a syringe, and in doing so, paved the way for a new era in the practice of medicine and surgery. Within a matter of months the technique had been trialled in a man with 'scirrhosity of the pylorus' 3 , and by the middle of the 19th century, blood transfusion was employed with some regularity in cases of life-threatening obstetric haemorrhage 1, 4, 5 . Nevertheless, the procedure was fraught with difficulties, including the requirement to find a suitable donor, and then obtain venous access in a moribund recipient. Furthermore, clots frequently formed in the syringe, and the incidence of adverse transfusion reactions, air embolism, and transmission of blood-borne diseases proved to be extremely high 1 . As a result, some obstetricians developed new equipment and techniques to simplify and improve the safety of the procedure, while others sought alternatives to human blood.
During the late 1870s, the Obstetrical Society of London commissioned Edward Schäfer to undertake a special investigation "to determine with what fluids and by what means the operation of blood transfusion may be best performed" 6 . Schäfer transfused dogs, cats, and rabbits with cows' milk, as well as the blood of other animals, but rejected both ideas, concluding that "in the case of man, the fluid used for transfusion must always be human blood" 6 . As a physiologist, Schäfer was also familiar with the use of a 'weak solution of common salt' 6 (1 oz salt dissolved in a gallon of water) in his laboratory experiments, but dismissed its employment in obstetric haemorrhage, stating "solution of salt, and any other watery fluid… can be of no benefit in such cases… and should never be used for transfusion" 6 .
An opposing view materialised in 1882, when Charles Egerton Jennings, Resident Accoucheur at the London Hospital, began to advocate the intravenous injection of saline and alcohol in cases of severe maternal haemorrhage 7 . Aware of the use of "saline alcoholic injections into the veins for the relief of collapse of malignant cholera" 8 at the London Hospital during the epidemics of 1832, 1848-49 and 1866, Jennings was first compelled to employ the technique on 20 August 1882, when he found himself unable to procure a blood donor for a woman dying from profuse antepartum bleeding 7 . The patient was "collapsed to a marked extent, lying on a sofa in her bedroom, the pulse barely perceptible, the skin cold and clammy" 7 . Following cannulation of her median basilic vein, Jennings used a metal syringe to inject 16 oz of warmed water, to which he had added chloride of sodium, chloride of potassium, sulphate of soda, carbonate of soda, phosphate of soda and two drachms of absolute alcohol. "Signs of animation very rapidly reappeared" 7 , and the patient's progress was thenceforth deemed "most favorable" 7 .
Convinced that the injection of saline could eliminate the technical issues and dangers which attended the transfusion of blood, Jennings went on to devise a portable syphon apparatus 9 , which could be used "without much difficulty by any careful operator" 1 . This, he hoped, would elevate the procedure "from the dazzling but delusive position it at present occupies to one of true utility to mankind" 9 . Produced by Maw and Co., the syphon apparatus was first utilised by William Coates and colleagues at the London Hospital on 3 November 1882 10 . Coates commended "the general efficiency of Mr Jennings' instrument" 10 , and noted that the procedure "could have been accomplished single-handed" 10 .
The intravenous administration of 'normal' 11 , or 'common' 12 salt solutions (usually between 0.6% and 0.9% sodium chloride 13 ) subsequently became an accepted Lane-type infusion apparatus "for the injection of saline solution into the blood". Image courtesy of the Science Museum, London, Wellcome Images.
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The largest anaesthetic conference in London management for severe obstetric haemorrhage; some women received very large volumes of these solutions 14 . Reviewing the physiology, pathology and practice of transfusion in 1889, William Hunter concluded that "transfusion of blood will long continue to be practiced... for practical purposes, however, all the advantages to be gained by transfusion may, I believe, be equally well and more readily obtained by infusion of a neutral saline" 12 . By the early 20th century, the use of saline extended to several other conditions, including diabetic coma, diarrhoea, and haemorrhage due to trauma 15, 16 . In addition, numerous other crystalloids, including hypertonic saline, dextrose, sodium bicarbonate and Ringer's solution had made their way from the physiology laboratory into clinical use 17 . Around the same time however, some were starting to question the efficacy of these fluids.
I N T E R N A T I O N A L K E Y N O T E S P E A K E R S
In 1909, George Crile, Professor of Surgery at Western Reserve Medical College, Cleveland, Ohio, published animal data demonstrating the inferiority of saline compared with blood in the treatment of shock 18 . While this work rekindled American interest in blood transfusion (using direct end-toend anastomosis of the donor's artery and recipient's vein 18 ), crystalloids remained in widespread use in Great Britain, and at the outset of the Great War, formed the Royal Army Medical Corp's mainstay of treatment for shock 19 .
In the summer and autumn of 1916, intravenous saline was used on a large scale for casualties of the Battle of the Somme; the results were described as "most disappointing" 19 . One year later, the Medical Research Committee appointed a special committee to conduct a detailed investigation into the pathogenesis and treatment of surgical shock. Working the forward trenches and Casualty Clearing Stations of the Western Front, two members of this group studied the blood pressure of healthy soldiers, as well as the acute changes that occurred following wounding, and the haemodynamic effects of resuscitation with various fluids 20 . Publishing their results in 1918, John Fraser and Ernest Cowell confirmed that 0.9% sodium chloride had again proven "disappointing" 20 , whereas hypertonic saline was "useful…. in milder cases" 20 , and direct blood transfusion excellent "in cases of profound shock accompanied by loss of blood" 20 . The paper also described a further type of fluid, which produced an immediate rise in blood pressure when infused in cases of haemorrhage. This comprised a mixture of calcium chloride, sodium chloride and gum acacia, suspended in water. Suggested by William Bayliss, Professor of Physiology at University College London 17,20 , gum acacia was among the first of a new generation of fluids-the synthetic colloids.
